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METHOD OF MANUFACTURING A 
- , FLUOROCARBON-BASED COATING FILM 

^ w 17111 ^PPncaneim^conunuauon of U.S. application Scr 

/ waa a division of application Ser. No. 07n7TB2?rntcd-Qct-_ 
>^ I K 1991. now U.S. Pat No. 5.240.774. 

FIELD OF THE INVENTION 

This invention relates co a method of manufacturing a ,0 
fluorocarbon-based polymer coating film used on an appa- 
ratus or the like requiring a heat-resistant weather-resistant 
and wear-resistant coating. The coating can be used on 
electric apparatuses, such as hot plates and rice cooking 
machines; vehicles; and industrial apparatus. 15 

BACKGROUND OF THE INVENTION 

Fluorocarbon-based polymer coating films have been 
used extensively and are manufactured by making the sur- 20 
face of an Al substrate rough by means of a brush or 
chemical etching; coating the rough surface with a primer or 
the like; coating with a paint suspending fine panicles of a 
fluorocarbon-based material, such as polytctrafluoroethyl- 
ene in ethanol or the like; and then (frying and baking at a 
about 400" C. for about one hour to fix the fluorocarbon- 
based polymer to the substrate surface of the material. 

This method of manufacture is simple. However, since the 
polymer and substrate are bonded together merely by an 
anchor effect there is a limit to the adhesion of the polymer 30 
co the substrate. The method is insufflcicot in view of 
adhesion and mechanical strength as a method of manu/ac- 
curing fluorocarbon-based coating films used for apparatus 
or the like requiring a heat-resistant weather-resistant and 
wear-resistant coaling. Such electric apparatus include hot 35 
• plates and rice cooking apparatus; vehicles; and industrial 
apparatus. 



SUMMARY OF THE INVENTION 

In view of the above drawbacks in the prior ait method, * 
it is an object of the present invermoa to form a fluorocar- 
bon-based coating layer or film having satisfactory adhesion 
to a' substrate that is pinholc-free, thereby improving the 
performance of an apparatus or the like requiring a heat- 45 
resistant weather-resistant and wear-resistant coating. Such 
electric apparatuses include hot plates and rice cooking 
apparatus; vehicles; and industrial apparatus. 

The primary objective of this invention is to provide a 
fluorocarbon-based polymer coating film composing at least so 
an siloxane film formed as a inner layer and a fluorocarbon- 
based polymer film formed as an outer layer on the surface 
of a substrate. The substrate surface and the inner layer are 
bonded with covalem bonds, and the inner layer and the 
outer layer are bonded with covalem bonds. «s 

Another objective of this invention is to provide a method 
of manufacturing a fluorocarbon-based polymer coating film 
comprising the steps of contacting a substrate having 
hydroxy! groups on a surface with a non-aqueous solvent 
containing a material with a chiorosilyl group; coating said 60 
substrate surface with either a non-aqueous solvent contain- 
ing a compound having a fluorocarbon group and a chio- 
rosilyl group or a solvent containing a compound having a 
fluorocarbon group and aikoxysilanc group or a compound 
represented by the following formula 65 
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where n represents 0 or an integer, R represents an [aJkyllalkylene 
group or a hydrocarbon substituted grou\ containing C< C^c". 
silicon atom or an oxygen atom; m represents 0 or I ; y represents a 
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It is preferable in this method invention that fine pame'es 
ot a iluorocarbon-bascd polymer are dispersed in advance tn 
cither the non-aqueous solvent containing a comcound hav- 
ing a fiuorocarbon group and a chJorosilvl group or ^e 
solvent containing a compound having a rtuorocarbon group 
and an alkoxysilane group. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a schematic sectional view, enlarged in scale l ° 
to the molecular level showing the surface of a substrate of 
Example I of this invention. 

FIG. Kb) is a schematic sectional view, enlarged in scale 
to the molecular level showing the siloxane polymer film 
(inner layer) on the surface of a substrate of Example I of 13 
this invention. 

FIG. 1(c) is a schemauc sectional view, enlarged in scale 
to the molecular level showing the fluorocarbon-based 
monomolecuiar coating film on the siloxane polymer film 
(inner layer) of Example 1 of this invention. 20 

FIG. 1(d) is a schematic sectional view, enlarged in scale 
to the molecular level showing the fluorocarbon-based poly* 
mer (outer layer) and siloxane polymer him (inner layer) on 
the surface of a substrate of Example 1 of this invention. 23 

FIG. 2(a) is a schematic sectional view, enlarged in scale 
to the molecular level showing the surf act of a substrate of 
Example 2 of this invenuoa 

FIG. Kb) is a schematic sectional view, enlarged in scale 
to the molecular level showing the siloxane monomolecuiar 
film (inner layer) on the surface of a substrate of Example 2 
of this invention. 

FIG. 2(c) is a schematic sectional view, enlarged in scale 
to the molecular level showing the fluorocarbon-based 
monomolecuiar coating film on the siloxane inner layer of 33 
Example 2 of this invention. 

FIG. 2(d) is a schemauc sectional view, enlarged in scale 
to the molecular level showing the fluorocarbon-based poly- 
mer film (outer layer) and siloxane monomolecuiar film 
(inner layer) on the surface of a substrate of Example 2 of 40 
this invention. 

FIG. 3(d) is a schematic sectional view, enlarged in scale 
to the molecular level showing the surface of a substrate of 
Example 3 of this invention. 

45 

FIG. Kb) is a schemauc sectional view, enlarged in scale 
to the molecular level showing the siloxane polymer film 
(inner later) on the surface of a substrate of Example 3 of this 
invention. 

FIG* 3(c) is a schematic sectional view, enlarged in scale 50 
to the molecular level showing the fluorocarbon-based poly, 
mer film (outer layer) on the siloxane polymer film (inner 
later) of Example 3 of this invention. 

FIG. 3(4) is a schemauc sectional view, enlarged in scale 
to the molecular level showing the fluorocarbon-based poly- 55 
mer film (outer layer) and siloxane polymer film (inner later) 
on the surface of a substrate of Example 3 of this invention. 

FIG. Ma) is a schematic sectional view, enlarged in scale 
to the molecular level showing the surface of a substrate of 
Example 4 of this invention. 60 

FIG. Mb) is a schematic sectional view, enlarged in scale 
to the molecular level showing the >iloxanc polymer 1 inner 
layer) on the surface of a substrate of Example 4 of this 
invention. ^ 

FIG. 4(c) is a schemauc sectional view, enlarged in Kale 
to the molecular level showing the fluorocarbon-based poly- 
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mer nlm (outer layer) on the siloxane polymer nlm i inner 
later) of Example 4 of this invention. 

RG. Md) is a schematic seciionaJ view, enlarged in scale 
to the molecular level showing the fluorocaroon- based poly- 
mer film fouter layer) and siloxane polymer film (inner larcr) 
on the surface of a substrate of Example 4 of this iavenuon. 



DETAILED DESCRIPTION OF THIS 
INVENTION 

A special feature of manufacturing a fluorocarbon-based 
coating film, which comprises the steps: contacting a sub- 
strate having a surface containing hydroxyl groups with a 
non-aqueous solvent containing a material having a chio- 
rosilyl group; coating the substrate surface with cither a 
non-aqueous solvent containing a compound having a fluo- 
rocarbon group and a chlorosilyl group or a solvent con* 
taming a compound having a fluoroc a rb on group: and alkox- 
ysilane group and baking the substrate after the contacting 
and coating steps. 

A washing step for removing the excess material by 
washing may be provided between the contacting step and 
the coating step. 

According to the invention, in the seep of contacting a 
substrate having a surface containing hydroxyl groups with 
a non-aqueous solvent containing a material having a plu- 
rality of chlorosilyl groups, the hydroxyl groups on the 
substrate surface and chlorosilyl groups of the material 
having chlorosilyl groups are reacted to form on the sub- 
strate a thin film having a number of silanol (— SiOH) 
groups capable of being strongly chemically bonded to the 
substrate surface. 

In addition, after the step of contacting the substrate with 
a non-aqueous solvent containing a material having chlo- 
rosilyl groups, in which the hydroxyl groups on the substrate 
surface and the chlorosilyl groups of the material arc 
re acte d, and the step of removing the non-reacted excess 
material containing a plurality of chlorosilyl groups remain- 
ing on the substrate by washing with non-aqueous organic 
solvent and by runner washing with water, only the material 
bonded to —OH groups on the substrate can form a siiox- 
ane-bascd monomolecular film (inner layer) containing sil- 
anol groups (—SiOH). 

Further, after the coating step, in which the substrate is 
coated with a non-aqueous solvent containing a compound 
having a fluorocarbon group and a chlorosilane group or 
with a solvent containing a compound having a fluorocarbon 
group and an alkoxysilane group, by baking the coating 
together with the substrate in a moist atmosphere for 1 hour 
at about 120* C. a hydrochloric acid removal or alcohol 
removal reaction during a precipitation step occurs between 
the mutual chlorosilane groups or alkoxysilane groups in the 
compound, and between the chlorosilane groups or alkox- 
ysilane groups in the compound, and the —SiOH groups of 
a thin film formed on the substrate surface. This forms a 
fluorocarbon-based polymer coaung film (outer layer) of a 
polymer having fluorocarbon groups that is chemically 
bonded via — SiO— bonds to a thin film formed on the 
substrate surface and having a large number of —SiOH 
bonds. 

ft is thus possible to form a fluorocarbon-based polymer 
coating film having very excellent adhesion. 

For the substrate having a surface containing hydroxyl 
groups according to the invention, metal and non-metal 
elements and ceramics may be used. 
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According :o :he invention, since hydroprulic groups 
formed on the subsiraie and chlorosilvi groups are reacted 
wuh eacn other, where metals are used. commonly termed 
oasc metals, such as aluminum, copper and iron, are suit- 
aoie. 

Further, a material without any oxide film such as plastic 

1™?.^ ^ SUrf3CC trcaImeni 10 «*teiheiii 
ftydrephihc. The surface treatment may be carried out by 
usual means, such a* treatment in a plasma atmosphere 
containing oxygen ai 100 W. for 20 minutes or a corona ir 
J-eatment. However, plastics that contain — SH groups such 
as polyamid or polyurethane substrates, do not require 
surface oxygen treatment Since — SH groups have active 
nydrogen. it is easy to remove hydrochloric acid with 
chiorosilyt groups of the surface active agents. 

As the material containing chlorosily! groups, SiCl 13 
SiHQ,. SiH 2 G 2 and Cl-<Si Cl^-SiCl, (n being an 
integer, preferably 1 to 3) may be used. 

When a material having a plurality of chiorostlyl groups 
m molecule is used, such as CI— (Sid, O),— SiQ,, the » 
number of siianol groups on the surface is increased which 
improve the hydrophilic effect 
As-u^compesintf-havm^ 
chJorosiiane group, those which may be used are represent 
by a formula; CF,-<CF 1 ).--(R) -i -SiJf v a 1 _, wher/n * 
represents 0 or an integer R represents an [alkyl] alkylenc> 4rouD 
or a hydrocarbon substituted group containing C=C, C-cX silicon 
atom or an oxygen atom; m represents 0 or I; X represents a 
hydrogen atom, an [allcylj alkylene group, an alkoxf group a 
fluonne-containing allcoxy group or a fluorine<on Jning [alkyllJO 
Mkyjene group; and p represents 0, I or 2. / 

As the compound having a fluotocarbon/fcroup and an 
aUcoxysilane group, those which may be /fed are rente, 
sented by a formula: 
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CF,-(CF : ).-{R) -l -SiY^OAV r 
where n represents 0 or an interger; /represents an falicvll 
g!^ group or a hydrocarbon suited' group clSn 
Y »~V£ T ° f ™ 0X ^/^ ™ ^Presents 0 or I 
JrZ . n ydf0gCn at ° m ' W'MWene group, an alkoxy * 
group a fluonnccontaining aikbxy IrouTand a fluonn, 
contammg [alkyl] aJk^lene grou^rep^sents a^ alkoxy gro up 
and q represents 0, 1 or 2. / m»xy group. 

To harden the fluoro^arbon-based polymer coaung film to 4j 
be formed, a crosvUnking agent can be ^d c d . 

More spccificaM in the case where a non-aqueous sol- 
vent containing /compound having a fluorocarbon group 
and a cJUorostiahe group is used across-linking which may 
be used is reffrcsemed by a formula: SiXjCL*. where X so 
^presents a/hvdroten group or a substituted group, such as 
an [alky!] alkylene group; and s represents 0. I or 2. In the case of 
using a solvent containing a compound having a fluorocarbon 
group and an alkoxysilane group, a cross-linking agent which may 
be used is represented by a formula; SiY, (OA" Km, where Y 55 
represents a substituted group, such as an [alky II alkylene group; 
A" represents a hydrogen atom or an [alky I) alkylene group; and t 
^nfesents 0. 1 and 2. In either case, it is possible to adjust the 
jfee-dimensional cross-linking degree in the fluorocarbon-based 
olymer coating film that is formed, thus controlling the hardness 



Furthermore, u is possible to coat in *ay$ similar to ihc 
pnor an fluorocarbon-based coaung film by dispersing fine 
panicles of the lluorocarbon-based polymer in a non-aque- m 
ous solvent containing a compound having a fluorocarbon 
group and a chlorosilane group or in a solvent containing a 
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compound having a : 1uorocarbon group and an aikoxvs.lane 
- group, n this case, fluorocaroon chains, siloxane bonds and 

CIWUM ° f the ^orocarbon-based polynw 
entangle on a molecular (eve! with each other. Thus a 
.luorecarbon-bascd polymer coaling film may be Untied. 
J« has very high adhesion compared to the prior an coaung 

The invention can widely be applied to substrates, such as 
matcnais made of metals, ceramics or plastics, wood stone 
etc. The surface of the substrates can also be coated with 
paints or the like. 

Examples of cutlery include: a kitchen knife, scissors a 
<rufe, a cutter, a graner. a razor, hair clippers, a saw. a plane, 

t ISS^J g 7 let f badkin ' (cuttin * *e of 
La of a »d juicer, a blade of a mill, a 

blade of a lawrtmower, a punch, a straw cutter, a staple of a 13 
stapler, a can opener or a surgical knife and the like 

Examples of needles include: an acupuncture needle, a 
neecUe, a sewing needle, a matting needle, an injection 
needle, a surgical needle, a safety pin, and the like. 

Examples of products in the pottery (ceramics) industry 
include: products made of a pottery, a glass, ceramics and 
enameled products. This further includes, for example, sarri- 
tary potteries (a chamber pot a wash-bowl, a bathtub etc) 
tablewares (a rice-bowl teacup, a dish (place), a bowl a 
teacup, a glass, a bottle, a coffee-pot (siphon), a pan. an 25 
earthenware mortar, a cup and the like), vases (a flower 
bowl, a flowerpot, a bud vase and the like), water tanks (a 
breeding cistern, an aquarium water tank and the like), 
chemical experiment appliances (a beaker, a reactor vessel! 
atest cube, a flask, a laboratory dish, condenser, a mixing 30 
rod. surer, a mortar, a bat, a syringe etc.) a roof ule, 
enameled ware, an enameled washbowl, and an enameled 
pan and the like. 

Examples of rmnon include: a hand mirror, a full-length 
mirror, a bathroom mirror, a lavatory minor, vehicle mirrors 35 
(a rear-view minor, a side mirror, a door mirror etc.), half 
minor, road rmnon such as a curve mirror, a show window 
glass, a salesroom in the department store, medical care 
minors, a concave minor, a convex mirror and the like. 

Examples of molding parts includes: dies for press mold- < 
mg, dies for cast molding, dies for injection molding, dies 
for transfer molding, dies for compression molding, dies for 
transfer molding, dies for inflation molding, dies for vacuum 
molding, dies for blow forming, dies for extrusion molding, 
dies for fiber spinning, a calender processing roll and the 4j 
like. 

Examples of ornaments include: a watch, a jewel, a pearl, 
a sapphire, a ruby, an emerald, a garnet a cat s eye, a 
diamond, a topaz, a bloodstone, an aquamarine, a turquoise, 
an agate, a marble, an amethyst a cameo, an opal, a crystal. so 
a glass, a ring, a bracelet a brooch, a tiepin (a stickpin), an 
camog. a necklace, jewelry made of platinum, gold, silver, 
copper, aluminium, titanium, un and those alloy, stainless 
steel, a glass frame and the like. 

Examples of forming molds for food include: cake, cook- 53 
iei, bread-baking, chocolate, jelly, ice cream, ovenwarc. an 
ice tray and the like. 

Examples of cookware include: kitchen utensils (a pan 
and a pot), a kettle, a pot a frying-pan. a hot plate, a toasting 
net. a takoyaki plate and the like. 

Examples of papers include: photogravure paper, hydro- 
phobic and oilphobic paper, poster paper, high-grade pam- 
phlct paper, wrapping paper, package paper, drinking pack- 
age paper, container paper, priming paper, symhuc 
insulating paper and the like. 

Examples of rcsin(s) include: a polyolefin such as a 
polypropylene and polycthyten, a polyvinylchlonde plastic. 
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a poiyamide. a polyimide. a polyamideimidc. a oolvester an 
aromauc polyester, a polycarbonate, a polystyrene' a 
?o ysulfide. a polysuifonc. a polyeihcrsulfonc. a polvohe- 
nylensuJfide. a phenolic resin, a furan resm. a urea resin an 
cpoxy resin, a polyureihane. a silicon resin, an ABS resin a 5 
methacrylic resm. an acrylaxe resin, a polyacetaJ. a polyene- 
nylene oxide, a polymethylpentene. a mclamine resin » 
Jkyd resm. an unsaturated polyester cured resm and the 

Examples of rubberfs) include: styrene -butadiene rubber. 10 
butyl rubber, nitrii rubber. chJoroprcnc rubber, polyurethane 
rubber, silicon rubber and the like. 

Examples of household electrical appliances include: a 
television, a radio, a taperecorder, an audio, a cornpa* disc 
(CD), a refrigerator of freezing machines, a freezer, an air 13 
condiuonen a juicer, a mixer, a blade of an electric fan, a 
lighung apparatus, a dial plate, a hair dryer for perms and the 
like. 

Examples of sports articles include: skis, fishing rods, 
poles for poievauJung. boats, yachts, surfboards, golf balls, >o 
bowling balls, fishing line (yam), fishing nets, floats and the 
like. 

Examples applying to vehicle pans include: 

(1) ABS resin: a lamp cover, an installment pannei, 
trimming parts, a protector for a motorcycle. 23 

(2) Cellulose plastic: a car mark, a steering wheel 

(3) FRP (fiber reinforced plastics): a bumper, an engine 
cover (jacket) ^ * 

(4) Phenolic resin: a brake 

(5) Polyacctal: wiper gear, a gas valve j 0 

(6) Poiyamide: a radiator fan 

(7) Polyarylate (polycondensanon polymerization by 
bispnenol A and pseudo phtalic acid): a direction indicator 
lamp (or lense), a cowl board lense. a relay case 

(8) Polyburylene terephiaiate (PBT): a rear end. a front js 
render 

(9) Myfarrnno-bismaleimide): engine parts, a gear box, a 
wheel, a suspension drive system 

(10) Methacrylate resin: a lamp cover lens, a meter parmel 
and its cover, center mark ^ 

(11) Polypropylene: a bumper 

(12) Polyphcnylene oxide: a radiator grille, a wheel cap 
113) polyureihane: a bumper, an fender, a installment 

panel, a fan 

(14) Unsaturated polyester resin: a body, a fuel tank, a 45 
heater housing, a meter panel. 

Examples of office supplies include: a fountain pen. a 
ball-point pen, a propelling pencil (an automatic or a 
mechanical pencil), a pencil case, a binder, a desk, a chair, 
a bookshelf, a rack, a telephone stand table, a ruler (mca- so 
sure), a drawing instrument and the like. 

Examples of building materials include: materials for a 
roof, and outer wall and interiors. Roof materials include a 
bncfc a slate and a un (a galvanized iron sheet) and the like. 
Other wall materials include wood (including a processed 53 
manufactured wood), mortar, concrete, ceramics sizing, a 
metallic sizing, a brick, a stone, plastics and a metal like 
aluminium. Interior materials such as a wood (including a 
processed one), a metal like aluminum, plastics, oaoer fiber 
and the like. ¥ ^ 

Examples of building stones include: granite, marble and 
others used as building material, such as an architecture, an 
ornament, a bath, a grave, a monument, a gatepost, a stone 
*all. a paving stone and the like. 

Examples of musical instruments and sound apparatus 63 
include: a percussion instrument, a stringed instrument, a 
keyboard instrument, a woodwind instrument the brass and 
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others, and sound apparatus such as a microphone, a sneaker 
To be concrete, there are musical instruments such as a 
drum, a cymbaJ. a violin, a cello, a guitar, a koto fharp; a 
?ian a flute, a clarinet, a bamboo flute and a horn and 
sound apparatus such as a microphone, a speaker and a 
earphone and the luce. 

Examples also include a therm s bottle, a vacuum bottle 
a vacuum vessel and the like. 

Examples also include a high resistance voltage insulator 
such as a power supplying insulator or a spark plug, which 
require a highly hydrophobic oilphobic aad prevention of 
contamination coating. 

As has been described in the foregoing, the method of 
manufacturing a fluorocarbon-based coating film according 
to the invention comprises the steps contacting a substrate 
having a surface containing hydroxy! groups with a non- 
aqueous soiuuon containing a material containing a chlo- 
rosilyl group; coating the substrate with a non-aqueous 
soiuuon containing a compound containing a fluorocarbon 
group and a chlorosilane group or a soiuuon containing a 
compound containing a fluorocarbon group and an aikox- 
ysilane group; and baking the substrate after the contacting 
and coating steps. Thus, a fluorocarbon-based coating film 
excellent in the hydrophobic and oil-repellent properties can 
be formed on the surface of a hydrophilic substrate with the 
properties being strongly chemically bonded to the sub* 
strate. high density, no pinholes, uniform thickness and very 
thin layer. It is thus possible to provide a fluorocarbon-based 
coating film having high durability and high performance. 

Now. examples will be described with reference to FIGS 
1 to 4. 



EXAMPLE I 

A hydrophilic substrate t i.e.. a glass substrate, was 
prepared as shown in FIG. Ua). 

The substrate 1 was coated with what was obtained by 
dissolving [% wt of CMStCIiO), — SiCl, as the material 
having a chlorosilyi group in chloroform solvent. 

Also, hydrophilic —OH substitute groups were contained 
on the surface of the substrate 1. Thus, a hydrochloric acid 
removal reaction (dehydrochJoric acid) was brought about 
on the surface to fix molecules to the surface of the substrate 
1 via — SiO— bonds, for example as shown by the formula 
( I ]• 

Cl a a fornmuil. 

a-sio-sio-sia 

l i l 
a o- a 

With subsequent evaporation of the chloroform solvent in 
an atmosphere containing moisture from water content a 
siloxane polymer coating film 2 as shown in FIG. If*) was 
formed with hydrochloric acid removal reaction between the 
moisture and —CI groups without being reacted with the 
substrate 1. 

The siloxane polymer coating film 2 thus formed was 
bonded to the surface of the substrate 1 via chemical bonds 
of —SiO— and thus difficult to be separated. 

The siloxane polymer coating film 2 had a large number 
of — SiOH bonds on the surface. 

Accordingly, a soiuuon containing 80* wi n-hcxadccanc. 
!2* wt carbon tetrachloride and 8% wt chloroform was 
prepared by dissolving into a conccntraiion of 2.0<fc wt 
CFCH : 0<CH,) I3 SiCI 3 as a non-aqueous solvent contain- 
ing a compound having a fluorocarbon group and a chio- 
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rosilane jroup. and it was coated on the surface of he 
suostrate I having Jtc surface -.hereof formed with *e 

-S.OH bonds, as shown in FIG. 1(c). Then, by baJung m an 
atmosphere containing waier moismre at 200' C 'or about s 
30 minutes, a hydrochloric acid removal reaction was 
brought about between the chJorosilyl groups of fluorine- 
containing chiorosilane-based surface active agent and 
exposed -OH groups of the siloxane poiymer coating film 
2 to form covalent bonds such as the following formula^); 10 

CFiCH^CH^jSiCI, - J< —OH) > tormiU f2| 



0- 

I 15 
CF^CHjCKCH^tjSiO- OHC 

0- 



In this way, a fluorocarboo-based polymer coating film 3 m 
having a thickness of about 10 to 20 urn was obtained. 

This polymer film 3 was not separated at ail in a check- 
crboard test. 

Further, by adding 3% wt of SiC! 4 as a cross-linking agent 
to the non-aqueous solution containing a compound having 25 
a fluorocarbon group and a chlorosilanl group, a fluorocar- 
bon-based coating polymer film 3 was obtained, which had 
about two times of the hardness of a solvent without SiC!«, 

caused by thjee-dimensional crou-linJona throuah Sif_I 

O-), bond*. ^ 1 » 

Further by carrying out similar coating by adding 20% wt 
of fine particles of polyteirafluoroethylene as fluorocarbon- 
based polymer to the non-aqueous solvent containing a 
compound having a fluorocarbon group and a chJorosilane 35 
group, a fluorocarbon-based coating film was obtained, 
which had very superior adhesion as compared to that in the 
prior art even chough its hardness was comparable to that in 
the prior art 



EXAMPLE 2 

A' hydrophilic substrate 1 was prepared as same as in 
Example 1, as shown in FIG. 2(a). <*J 

Trie substrate 1 was dipped for about one hour in a 
solution obtained by dissolving 1% wt of CI— (SiCIjO),— 
SiCl, as a material having chiorosUyl groups in chloroform 
solvent as in Example I. A hydrochloric acid removal „ 
reaction thus was brought about on the surface of the 
substrate 1 because of the presence of hydrophilic —OH 
groups on the surface to adsorb molecules as shown above 
formula(t]. 

By subsequently carrying out washing with a non-acuc- <« 
ous solvent, i.e.. chloroform, and then with water, molecules 
of G— < SiCI : 0) 2 — SiCI, which remained without being 
reacted with the substrate 1. were removed to leave a 
siloxane monomolecular film 4 on the surface of the sub- 
strate 1 as shown in FTC. lib) and given as the formulas (A| * 
and/or (B) etc. 

? H ?H OH 

OH-SiO-SiO-SOH 

I I 

OH 0- OH 65 
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-continued 
? H ° H ™ fo^.a, 

OH — SiO — SiO — SiOH 
t I I 
O- OH OH 

The monomoiecuiar film 4 thus obtained was perfectly 
bonded to the substrate I via chemical bonds of ^iOu! 
and was not easy separated 

The monomoiecuiar film thus formed has many — SiOH 
bonds on the surface. n 

Further, a non-aqueous solution containing 30% wt 
n-hexadecane, 12% wt carton tetrachloride and 8% wt 
cUorofarm was prepared by dissolving into a concentration 
of 2.0% wt a compound having fluorocarbon group and 
chJorosilane group such as O^CF^CH,), SiaTcoated 
on the surface substrate i formed on the surface thereof with 
a monomoiecuiar film 4 having many —SiOH bonds as 
shown in FIG. 2(c). A reaction was thus brought about 
between -SiC [bonds and -SiOH groups of ^^mo- 
lecular layer 4. Then, by baking in an atmosphere contatmni 
water moisture a 200° C. for about 30 minute*, the bonds of 
formuia(3] were formed: 



CFrfOTMOhHSiO- 
0- 

Tn this way ( a polymer film 3 having a thickness of 10 to 
20 urn was formed such that it was chemically bonded to the 
inner-layer. i.e.. the siloxane polymer monomoiecuiar film 4. 

The coating film did not separate in a checkerboard test 

Furthermore, by adding 15% wt of SiCl 4 as a compound 
cross-linking agent to the two-aqueous solution containing a 
compound having a fluorocarboo group and a chlorosilane 
group, a flucTOcarboo-based polymer coating film having a 
hardnesa increased by about 3 timet could be obtained. 
Addxnonally, by carrying out similar coating using a non- 
aqueous solution containing a compound having a fluoro- 
carbon group and a chlorosilane group, which was obtained 
by dispersing about 20% wt of fine particles of a fluorocar- 
b<m-based polymer, eg., pdytetraihwroethylene, a fluoro- 
carton-based polymer coating film could be obtained that 
had very superior adhesion compared to that in the prior an 
although Us hardness was comparable to that in the prior an. 

While this example used CF 3 CH 2 0(CH,) ! , Sid, and 
CFjCCFiMCH^Sta, u the flu or o cai bon-based surface 
active agent by adding the C-C or CmC group to or 
assembling it in an [alkyll alkylene chain portion, cross-linking can 
be obtained by irradiation with an electron beam of about 5M-rads 
after the formation of the coating film, and thus it is possible to 
increase the hardness of the coating film to about 10 times. 

Further, as the fluoroc ar bon-based surface active agent 
materials shown below may be used in addition to the above 
agents, 

CF > (CH : ) 2 Si(CH,) 7 (CH 7 ) M Sia 1 . 
RCTO^CH^SKCH^^CH^i G, and 
CFjCOOCCH^SiCl,. 1 

EXAMPLE 3 

As shown in Example L a hydrophilic substrate 11 was 
prepared as shown in FIG. 3(a). . 

This substrate 11 was then dipped in a solution obtained 
by dissolving 1 % wt of a material having a chlorosily I group 



11 

m a non-aqucous solvent such as a chroloform solvent and 
then was raised from the solution. 

i By 1 ^f in f 2^? l0, ^ Sia ' as a maxcnaJ ^vtng a 
plurality of chJorosilyl groups in a molecule, a hydrochloric 
acid removal reaction was brought about because of the ' 
presence of hydropralic —OH groups on the surface of the 
substrate II. thus fixing molecules to the substrate v,a 
— 5iO — bonds as shown above formula [1J. 

By subsequently evaporating the chloroform solvent in an 
atmosphere containing of moisture, chlorine in — SiCl 10 
groups thai remained without being reacted with the sub- 
strate U were then reacted with the water by a hydrochloric 
acid removal reaction to form a siloxaoe polymer coatin* 
film 12 as shown in FIG. Mb). 

As the siloxane polymer coating film 12 thus obtained 13 
was bonded to the surface of the substrate 11 via chemical 
bonds of — SiO— . it was difficult to be separated. 

The siloxane polymer coating film 12 formed also had 
many — SiOH bonds on the surface. M 

Funhennore, a solution obtained by dissolving a concen- 
tration of seven! percent, for instance 10% wt, of a com- 
pound having a fluorocarbon group and a alkoxysilane 
group, for instance CF 3 CH.O(CH 2 ) I5 Si(OCH,), in an alco- 
hol solvent, for instance ethanoi. was used for coitin*. 23 
followed by baking at 200* C for about 30 minutes. By 
doing so, — OH groups exposed to the surface of the 
siloxane polymer coating film 12 were reacted with alkoxy 
groups in the fluorine-comaing alkoxysilane-bascd surface 
active agent an alcohol removal reaction to form such as the 30 
formula [4]. 

CFjCH^CH^jStfOCH,), ♦ H -OH) > formula (4) 



o- 

CFiCH,0(CHi),^iO- * 3CH|OH 



In this way, a polymer film 13 having a thickness of 10 to 40 
20 urn was obtained 

This polymer film 13 did not separate in a checkerboard 
icsL Further, by adding 5% wt of Si(OCH ,) 4 as a cross- 
linking agent to the solvent containing a compound having 
a fluorocarbon group and an alkoxysilane group shown by 45 
the above formula (41. a three-dimensionally cross-linked 
nuoiocarboo-based film via — StCU-O-), bonds was 
obtained, which had about two times the hardness of the film 
obtained without addition of SKOCH,)^ 

Further, by carrying out similar coating using a solution 30 
containing a compound having a fluorocarbon group and an 
alkoxysilane group, to which 20% wt of fine particles of 
polytetrafluoroethylene were added as a nuorocarboo-based 
polymer, a polymer film was obtained, which had a very 
superior adhesion compared to that in the prior an although 
its hardness was comparable to that in the prior art 

EXAMPLE 4 

As shown in Example 3, a hydrophiltc substrate 11 as M 
shown in FIG. Ma) was dioped for about one hour in a 
non-aqueous solution prepared by dissolving 1 * wt of 
(SiCl : 0) : SiCIj as a material containing achlorosilyl 
group, lor instance, in a chloroform solvent 

At this time, hydrochloric acid removal reaction occured M 
on the surface of substrate 11 because of the presence of 
nydropralic -OH groups on the surface. Thus, molecules 
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12 

were adsorbed as shown by the formula such as formula M 1 
When the substrate was exposed to an aim sohere contain, 
jng water, a siloxane mon molecular film 14 as shown ,n 
MG. Mb) was obtained on the substrate surface, and shown 
such as the formula [5J and/or formula [6) etc. 

? H ?H OH f0fmuUiS1 

HO-SiO— SiO-SiOK, 
I I 1 
OH 0- OH 

? H ° H oh rom.i6i 

HO-SiO-SiO-SiOR 

I I I 

0- OH OH 

The monomolecular layer 14 thus obtained did not sept- 13 
rate as it was perfectly bonded to the substrate I via — SiO— 
chemical bonds. 

The monomolecular layer 14 obtained also had manv 
— SiOH bonds. 7 

Funher a solution was prepared by dissolving a concen- 20 
tration of 2% wt CF J (CF 2 ) 7 (CH : ) 2 Si(OC 7 H 5 ), as a com- 
pound having a fluorocarbon group and an alkoxystlane 
group in a methanol solvent, coated onto the surface of 
substrate 11 covered with a monomolecular aim having 
many — SiOH bonds, and followed by baiting at 200* C for 25 
about 30 minutes. , 

This produced the compound shown in FIG. 4(4) and 
represented by fomiuia(7]. 

0- fonmum » 

CF*a=iMCHi)>StO- 

o- 

fn this way. a polymer film 15 having a thickness of 10 to 

20 um was obtained. 35 

The polymer film 15 formed did not separate in a check- 
erboard test, because it was formed in a state chemically 
bonded to the siloxane rnonomolecular film 14. 

Further* by adding 10% wt of Si(0C,ri,) 4 as the cross- 
link ing agent to the solution having a compound containing «o 
a fluococaiboo group and an alkoxystlane group, a fluoro- 
carboa-based coating film having about four times the 
hardness of the film was obtained as compared to a film 
without the addition of the agent. Furthermore, by carrying 
out similar coating using a solution containing a compound 
having a fluorocarbon group and an alkoxysilane group, in 
which solution was dispersed 20% wt of fine panicles of 
pdytetnfluoroethylene, a fluorocarbon-baicd coating film 
was obtained, which had a very superior adhesion compared 
to that in the prior an although its hardness was comparable 
to that in the prior art. 

Although in the above Examples 3 and 4 
CFjCHjOCCHjJ^tfOCHj), and were 

CF,(CF 1 ) 7 (CH 2 ).Si(OC 1 H J ) 1 were used as a reagent for 
forming a fluorocarbon-based film on the uppermost surface 
by adding or assembling the C— C or CmC group to or tn 
the alky I chain portion, cross- linking can be caused by 
irradiation of an electron beam of about SM-rads. After the 
formation of the coaxing film, a coating film with about 10 
times of the hardness to be obtained. 

Further, as the compound having a fluorocarbon group 60 
and a chiorosilyl group or a nuorocarbon group and an 
alkoxysilane group. 

CFjtCH^itCHjMCH^^SifOC H,>,. 
RCF^lCH^UCH^CH,), $i(OCH,), and 
CFjCOXCHj), jSifOCH,), may be used, in addition to 
the compounds noted in the above Examples I to 4. 
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The invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
*hcrcof. The present embodiment is co oe considered m ail 
respects as illustrative and not restrictive. The scope of the 
invenuon is indicated by the appended claims rather than by 5 
:he foreg ing description, and all changes which come 
within the meaning and range of equivalency of f .he claims 
ore intended to be embraced therein. 
Ve claim: 

^ . A method of manufacturing a fluorocarbon-based poly- 10 
meAcoaung film comprising the steps of: 
contacting a substrate having a surface containing 
hydroxyl groups with a noc- aqueous solvent compris- 
ing^ material comprising chiorosiiyl groups; 
coating the Vcontacted substrate surface with either (1) a non- 13 
aqueous sow.cnt comprising a compound comprising a 
fluorocarbon gjrpup and a chiorosiiyl group or (2) a solvent 
comprising (a) ^compound comprising a fluorocarbon group, and 
an alkoxysilyl [aUcoxysilane) group or (b) a compound of the 
following formula\ 20 



where n represents flkor an integer, R represents an aikyl 
group or a hydrocarbob substituted group containing C«C 
or CiaG a silicon atornW an oxygen atom; m represents 0 

or I; Y represents a hydrogeNa atom, an [alkyll alkylene group, an 
alkoxy group, a fluorineKoniainina^safl^xT'^up or a fluorine- 
containing [alkyl] alkylene group^^epresents^lj^drogen atom; q 
represents 0 t 1 or 2; and 



l contacting itcp and coating 



the flu 



25 



30 



n-based 

according \to claiitf 1, wherein the 

' ~ ~ consisting of 3S 



aim 

treated in a plasma 



A3 



bakingjhe substrate 

ste£J 
it The method of 
polymer coaling fill 
substrate is mack of the member 

t metals, plasttcs/and ceramics] 
The method /of manufacturing 
. , ner coating /film according to 
substrate is [mace) made of a plastic 
atmosphere containing oxygenT - 
fa The methocW manritaurag the fluorocarbon-based 
polymer coating ntaaccpMng to ciatmX 1. wherein said 
material comprising tctflowitlyl groups comprises a member 
of the group consisting of StC1 4 , SiHCl,V SiH^Q, and 
GsKSiajO),— Sidy whercia n is an integl w 

fl A method of manufacturing the flue* 
polymer coating film according to claim 1 
compound having a fluorocarbon group and a\c1 
group is represented by a formula: CF,— (CF 2 )! 
SiX,G w where n represents 0 or aa integer. R 
an [alley I J alkylene group or a hydrocarbon substitui 
containing C=C. C"C. a silicon atom or an oxygen 
represents 0 or 1. X represents a hydrogen atom, an 
alkylene group, an alkoxy group, a tluorine-containing 
group, 00 fluorine-containing [alky II alkylene group; p repre; 

ATmcthod of manufacturing the fluorocarbon- 
polymer coating film according to claim .1. wherein 
compound (a) is represented by a formula: 

CF,-iCT,> # -mRU-SiY,. tOA),.^ 



where n represents 0 or an integer: 
R represents an [alkyl) alkylene group or a h>drocarbon substituted 
group containing C— C or O—C. a silicon atom or an 
oxygen atom; 



n-based 
n said 
lorosilyl 
RU- 

group 
m 

11 

: xy 



SO 



55 



14 



represent $ 0 or I : 



wents a hydrogen atom, an [ailcyl) aJkylene group, an allcoxy 
ip. a fluorine-containing aJkoxy group or a fluorine- 
containing [ailcyl] aJlcylenc group; *• 

OA' rcWscnts an alkoxy group; and 
A represents 0. I or £7 

(J^A metAod of MSafacturing the fluorocarbon-based 
polymer coating film according to claim 1. wherein a 
material represented by a formula; SiX r a«_, where X 
represents a hydrogen atom or an [ailcyl 1 aikylenc group, and s 
represents 0. I or 2Ms added to the non-aqueous solvent containing 
the compound having a fluorocarbon group and a chlorosilyl 
groupj \ 

fs. The method of Wufacturing the fluorocarbon-based 
polymer coating film\ according to claim I. wherein a 
material represented by\a formula: 



Mene group; A" represents atom 
id t represents 0, I, and to the 



where Y represents an [ailcyl] 
or an (ailcyl] jdkyiene group 
solvent of (2)!^ 

ft, The method of rruumfwJinngahe^ 
polymer coating film accordun^o claim 
particles of a flwrnxaitmrosa polymer are 
advance in either said r^a^ucous solvent 
compound having a 8wr^ ca rboo\group and 
group or said solvent containing the co 
grap/Waa alkoxysflane „ 
method/of /manufacturingXa flu 



fluorocarbon , 
10. A met 
polymer coati 



' coatingynlin comprising the uepa of 
contacting a/ substrate having aVsurfa 
hydroxyl groups with a 000-1 
ing a material comprising chJorosii) 

washing the Contacted substrate with a nonaqueous ^stent to 
remove unreacted material; 

coating the bashed substrate surface^witli lAiiher (1) a non- 
aqueous solvent J comprising a^^mpound\\omprising a 
fluorocarbon grou^nda^lUorosilyl aroup oM2) a solvent 
comprising (a) a comp^nin^c^prising^ group, and 

an alkoxysilyl [alkdxvsilane] jjodp or (b) a comVdund of the. 
following formula: 
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35 



CFi-^CFjuWWu-SIY^OAl^ 

where n represents 0 or an integer; R represents an [ailcyl Jajkylene 
group or a hydrocarbon substituted group containing C=CX$*C. a 
silicon atom or an oxygen atom; m represents 0 or I ; Y represents 
a hydrogen atom, an [ailcyl] alkylene group, an alkoxy gro\S>, a 
fluorine-containing alkoxy group or a fluorine-containing (SLl) 
allcylcme group; A represents a hydrogen atom; and q represent 
I or 2; and 

baking the substrate after said contacting step, washing step 
coating stcjTJ 

A method of manufaouring the fluorocarbon-based 
polymer coating film of claim 1. further comprising: 
irradiating with an electron beam of about 5M-rads when 
ihc fluorocarbon group of the coating step comprises 
C=C or OmC bonds, which irradiation is performed 
subsequent to the coating step and prior to the baitina 
step. 
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